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0 Improvements in and relating to circuits, 
0 A circuit arrangement for use in an integrated circuit 
having a built-in self test design, the circuit arrangement 
comprising first and second gates 18. 3) coupled to a fhp-flop 
(2) via a third gate (4). The present invention provides a 
multiplexer IM) coupled to one input of the first gate {81, the 
multiplexer <M) being controllable by a control s.gnal to feed 
either input data or output data of the circuit arrangement to 
said one input of the first gate (B) and a fourth gate (131 
coupled to an input of the second gate <3I, the fourth gate 
(13) having an input connected to receive a signal dependent 
^ on the control signal to the data selector means {Ml 
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IMPROVEMENTS IN AND RELATING TO CIRCUITS 

The present invention relates to circuits and more 
particularly to a circuit arrangement for use in a 
register for the built-in self test of integrated 
circuits. 

A known circuit arrangement is shown in Figure 1 of 
the accompanying drawings and comprises two AND gates 3,8 
coupled to a flip-flop 2 by means- of an Exclusive OR gate 
4- When the circuit arrangement is in use each of the 
inputs of the AND gate 8 respectively receives data input 
signals DI and control signals from a control line A, 
whilst each input of the AND gate 3 respectively receives 
serial input signals SI and control signals from a control 
line B. If a number of the circuit arrangements of Figure 
1 are arranged in series they form the basis of a known 
Built-in Logic Block Observation (BILBO) register. Such a 
register is illustrated in Figure 2a of the drawings and 
the equivalent circuit for each of the modes of operation 
are shown in Figures 2(b-e). 

Figure 2a shows a five bit BILBO register of known 
type comprising five D-type flip-flops 2 coupled in 
series, the input of the first D-type flip-flop 2 in the 
series being connected to the output of an Exclusive-OR 
gate 14 and the inputs of each of the other four D-type 
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flap-flops 2 in the serier. being connected similarly to 
the output of a respective Exclusive-OR gate 4. One of 
the inputs of the Exclusi ve-OR gate 14 is connected to 
the output of an AND gate 12 and similarly one of the 
5 inputs of each of the Excl usi ve-OR gates 4 is connected to 

the output of a respective AND gate 3. The other input of 
each of the Excl usi ve-OR gates 14, 4 is connected to the 
output of a respective AND gate 8. The inputs of each of 
the AKD gates 8 are connected respectively to a common 

10 line A and to a respective output of a combinatorial logic 

network (not shown)- The inputs of each of the AND gates 
3 are connected respectively to a common line B and the 
output of one of the flip-flops 2, each of the inputs of 
the AKD gate 12 being connected respectively to the common 

15 line B and the output of a multiplexer MUX. 

The outputs of the second and fifth D-type flip-flops 
2 in the series are connected to the inputs of an 
Exclusive-OR gate 10 the output of which is coupled to the 
input of the first D-type flip-flop 2 via the multiplexer 

20 MUX, the AND gate 12 and the Exclusive-OR gate 14. In 

practice only certain combinations of outputs from the 
p-ty?e flip-flops 2 can be tapped for these feedback 
connections if it is desired to provide a maximal length 
test pattern when the BILBO register is in its test 

25 pattern generator mode. These combinations of outputs are 
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known in the electronic field and are dependent on the 
number of D-type flip-flips 2 in the BILBO register. 

The values of the signals on control lines A and B 
control the different functions that the BILBO register 
5 can perform. SCAN-IN is the scan-in input to the BILBO 
register, SCAN-OUT is the scan-out output for the BILBO 
register and the five output values for the D-type 
flip-flops 2 appear at the five output lines C^ Q 2 ' 
C3, C4 and C 5 . The output line C 5 also serves as 

10 the SCAN OUT. 

There are five modes of operation for the BILBO 
register. The first is illustrated in Figure 2b with the 
signals on the lines A and B equal to 1 and 0 
respectively. This is a mode of operation in which the 

15 input values from the combinatorial logic network are 

loaded into the D-type flip-flops 2, and the outputs on 
the five lines C X r C 2 / C 3 , C 4 and C 5 are 
available for system operation. The BILBO register 
behaves therefore with a normal register, function . 

20 In the second mode of operation, illustrated in 

Figure 2c f the values of the control lines A and B are 0 
and 1 respectively and a control line C to the multiplexer 
MUX is set so as to connect the scan-in input to the input 
of the AND gate 12, through the multiplexer MUX. In this 
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node the BILBO register braves as a linear shift 
register, that is in a scan path mode. 

In figure 2d the values on the control lines A and B 
are 0 and 1 respectively and the control line C to the 
multiplexer MUX is set so as to connect the feedback line 
to the input of the AND gate 12. In this third mode, the 
BILBO register behaves as a pseudo-random number generator 
useful in providing test patterns for a combinatorial 
logic network coupled to its output lines Cj, C 2 , 
C 3 , C 4 and C 5 , it is therefore referred to as being 
in its test pattern generator mode. 

In Figure 2e the values on the control lines A and B 
are both 1 and the control line C to the multiplexer MUX 
is set to connect the feedback line to the input of the 
AND gate 12. In this fourth mode the BILBO register 
behaves as a linear feedback shift register with multiple 
linear inputs. If the predetermined input signals are fed 
to a correctly functioning combinatorial logic network and 
the outputs of the combinatorial logic networks are 
connected to the inputs of the BILBO in this mode then 
after a large number of shift clocks there will be a 
characteristic signature left in the BILBO register for 
that correctly functioning logic network. Hence the mode 
is referred to as a signature analyser mode. The 
signature of the combinatorial logic network can be 
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off-loaded from the BILBO reqister to the SCAN-OUT output 
by changing to the Scan Path Mode of Figure 2c, that is by 
changing the values of the control lines A and B to 0 and 
1 respectively, 

S In the fifth mode of operation the values on the 

control lines A and B are both set at 0 in which mode the 
BILBO register of Figure 2a executes a synchronous reset. 
We have found that the above described BILBO circuit 
arrangement and the BILBO register described above with 

J reference to Figures 1 and 2, because of the restricted 

number of functional modes of operation, has limitations 
when incorporated into a built-in self testing integrated 
circuit, particularly a very large integrated circuit. 

The present invention has as one of its objects the 
provision of a circuit arrangement having a larger number 
of functional modes of operation than the BILBO described 
above such as to facilitate the design and self testing 
facility of built-in self test integrated circuits- 
According to the present invention there is provided 

0 a circuit arrangement for use in an integrated circuit 
having a built-in self test design, the circuit 
arrangement comprising first and second gates coupled to a 
flip-flop via a third gate wherein the improvement lies in 
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the provision of data selector means coupled to one input 
of the first gate, the data selector means being 
controllable by a control signal to feed either input data 
or output data of the circuit arrangement to said one 
5 input of the first gate and a fourth gate coupled to an 

input of the second gate, the fourth gate having an input 
connected to receive a signal dependent on the control 
signal to the data selector means. 

In a preferred embodiment the third gate is an 

10 Exclusive-NOR gate- In another embodiment the third gate 

is an Exclusive-OR gate* In different embodiments the 
first gate may take the form of an AND gate, a NAND gate, 
an OR gate or a NOR gate, and similarly the second gate 
may take the form of an AND gate, a NAND gate, an OR gate 

15 or a NOR gate, and similarly the fourth gate may take the 

• form of an AND gate, a NAND gate, an OR gate or a NOR 
gate* The particular selection and configurations of 
gates determine the truth table of the circuit arrangement 
and on modifications which can be made to the circuit 

20 arrangements by the inclusion or omission of inverters in 

the signal paths to or from the inputs or outputs of the 
gates or the flip flops or the data selector means. 

In a preferred embodiment the first, second and 
fourth gates are each NAND gates and the third gate is an 

25 Exclusive-NOR gate. 
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In one embodiment there is provided a circuit 
arrangement comprising two AND gates coupled to a 
flip-flop via an Exclusive-OR gate wherein the improvement 
lies in the provision of a data selector means coupled to 
one input of one AND gate, the data selector means being 
controllable by a control signal to feed either input data 
or output data of the circuit arrangement to said one 
input and an OR gate coupled to one input of the other AND 
gate, the OR gate having an input connected to receive a 
signal dependent on said control signal to the data 
selector means. Conveniently, the data selector means 
comprises a multiplexer. 

In one embodiment of the present invention a 
plurality of the circuit arrangements are coupled in 
series to define a register element. In a preferred 
embodiment the outputs of two or more of the flip-flops in 
the series are coupled to the inputs of another 
Exclusive-NOR gate the output of which is coupled to the 
input of one or more of the flip-flops in the series. 

The present invention also provides an integrated 
circuit having a built-in self test facility, the 
integrated circuit including a plurality of the register 
elements coupled to at least one combinatorial logic 
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circuit, control means being provided for selectively 
controlling the operation of the register elements during 
self test of the integrated circuit. 

According to the present invention there is provided 
5 an integrated circuit partitioned into a plurality of 

register elements and at least one combinatorial logic 
circuit, each of the register elements being adapted to 
operate selectively in different operating nodes in 
response to control signals from a control means, said 
10 operating modes including a PATTERN GENERATION/SCAN MODE, 

a SIGNATURE ANALYSIS MODE, a NORMAL REGISTER MODE, a HOLD 
MODE, a PRESET MODE, a RESET MODE and a TOGGLE MODE. 

The present invention will be described further, by 
way of example, with reference to the accompanying 
15 drawings in which:- 

Figure 1 illustrates a known circuit arrangement for 
use in a BILBO register, 

Figure 2 illustrates a known BILBO register circuit 
using the circuit arrangements of Figure 1, 
20 Figures 2b, 2c, 2d and 2e are equivalent circuits 

illustrating the modes of operation of the BILBO register 
of Figure 2a f 

Figure 3 illustrates a circuit arrangement in 
accordance with an embodiment of the present invention, 
25 Figure 4a is a further illustration of the circuit 
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arrangement of Figure 3, 

Figure 4b illustrates an eight bit register 
comprising the circuit arrangement of Figure 3, 

Figure 5 illustrates a circuit arrangement in 
5 accordance with embodiments of the present invention, 

Figures 5a, 5b, 5c, 5d, 5e and 5f illustrate six 
circuit arrangements conforming to Figure 5 in accordance 
with different embodiments of the present invention, and 

Figures 6a and 6b are diagrams showing logic 
10 adjacency of the seven operating modes of circuit 

arrangements conforming to the present invention. 

As already described for the known BILBO circuit 
arrangement of Figure 1 and the known BILBO register 
circuit of Figure 2 the data input DI is fed directly to 
15 an input of the AND gate 8 and the serial input SI is fed 

directly to an input of the AND gate 3. In accordance 
with one embodiment of the present invention the circuit 
arrangement and the register circuit have been modified in 
the manner shown in Figures 3 and .4, features in Figures 3 
20 and 4 which are identical with features in Figures 1 and 2 

bearing identical reference numerals. 

Referring to Figure 3 a multiplexer M is provided 
with and is controlled by control signals PH to allow 
either the data input DI or output data DO, which is fed 
25 back along a line 19, to be selected as data to one of the 
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input terrai nalr oi ti;< A.Mj vote 8. A further modification 
of the known EIL50 circuit arrangement is the provision of 
an OR gate 13 having one of its input terminals arranged 
for receiving the serial input SI and its other input 
arranged for receiving the control signal PH. The 
provision of the OR gate 13 allows additional control of 
the input signals to one of the input terminals of the AND 
gate 3. 

The function of the circuit arrangement of Figure 3 
is illustrated in the truth table 1 below in which X is 
representative that an input signal may be either 1 
( 'high 1 ) or 0 ( "low 1 ) . 



A 


B 


PH 


SI 


Dl 


DO 


0 


0 


X 


X 


X 


0 


1 


0 


0 


X 


Dl 


DI 


1 


0 


1 


X 


X 


HOLDS 


0 


1 


0 


SI 


X 


SI 


0 


1 


1 


X 


X 


1 


1 


1 


0 


SI 


Di 


SI XOR DI 


1 


1 


1 


X 


X 


TOGGLES 



TRUTH TABLE 1 

When the control signals on lines A and B are both O 
the data output DO after a clock is always 0 irrespective 
of the values of signals PH, SI and DI. Thus as with the 
known BILBO register there is a mode of operation in which 
a register comprising circuit arrangements of Figure 3 
executes a reset. This will hereinafter be referred to as 
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the RESET MODE. 

In a second mode of operation the signals on the 
control lines A and B are set at 1 and 0 respectively and 
the control signal PH is set at 0 thereby connecting the 
data input DI to an input of the AND gate 8. During the 
second mode of operation the data output DO follows the 
data input DI providing operation as a normal register 
like that illustrated in Figure 2(b). The second mode of 
operation will hereinafter be referred to as the NORMAL 
MODE. 

In a third mode of operation the signals on the 
control lines A and B are set at 1 and 0 respectively and 
the control signal PH is set at 1 thereby connecting the 
data output DO to the input of the AND gate 8. During the 
third mode of operation the data output DO is held 
unchanged. The third mode of operation provides therefore 
a hold facility (HOLD MODE) there being no equivalent HOLD 
MODE in the known BILBO register. 

In a fourth mode of operation the signals on the 
control lines A and B are set at 0 and 1 respectively and 
the control signal PH is set at 0. During the fourth mode 
of operation the data output DO follows the serial input 
SI so as to operate in either the test pattern generator 
mode or the scan mode depending on whether the serial 
input SI is receiving feedback from the register or is 
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connected to : out;^-c of the last register. The fourth 
mode of operation is equivalent to the operation of the 
known BILBO register in Figures 2(d) and 2(c) and will 
hereinafter be referred to as the TEST PATTERN GENERATION/ 
SCAM MODE. 

In a fifth mode of operation the signals on the 
control lines A and B are 0 and 1 respectively whilst the 
control signal PH is set at 1. During the fifth mode of 
operation the data output DO is 1 and a register compris- 
ing circuit arrangements of Figure 3 thereby has a preset 
facility (PRESET MODE). There is no PRESET MODE in the 
known BILBO register. 

In a sixth mode of operation the signals on the 
control lines A and B are both 1 whilst the control signal 
PH is set at 0. During the sixth mode of operation the 
data output is dependent on both the serial input SI and 
the data input DI which are each present as an input 
signal on the respective inputs of the Exclusive-OR gate 
4. A register comprising circuit arrangements of Figure 3 
behaves in its SIGNATURE ANALYSIS MODE during the sixth 
mode Of operation which is similar to the mode of 
operation of the known BILBO register in Figure 2(e). 

In a seventh mode of operation the signals on the 
control lines A and B are both 1 whilst the control signal 
PH is set at 1. During the seventh mode of operation the 
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data output DO changes state and a register comprising 
circuit ar rangments of figure 3 has a toggle facility 
(TOGGLE MODE). There is no TOGGLE MODE in the known BILBO 
register. 

One of the advantages of assembling circuit 
arrangements of Figure 3 to form registers in an 
integrated circuit having a built-in self testing facility 
is that at some time during a self testing operation a 
large proportion of the circuitry can be made to operate 
in the configuration used during NORMAL MODE. For 
example, HOLD MODE uses the same values on control lines A 
and B as are used during the NORMAL MODE, and will only 
implement a hold function for those values on control 
lines A and B when the control line PH is set at 1. Thus 
the circuit arrangement of Figure 3 provides an extra 
test on the circuitry directly connected to control lines 
A and B. Furthermore if the PH control lines of all the 
registers in the integrated circuit are connected to a 
single line under the control of a test controller, the 
test controller can place the circuit into a state where 
all the registers hold their data. In addition as the 
only difference between the HOLD MODE and the NORMAL MODE 
is that the signal on the control line connected to all 
the PH control inputs is inverted, then for the self test 
to be passed when that self-test includes a 'full hold 1 
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st ( -;te ihc control 3 i no r,u?t bo functional at every 
register anc the circuitry connected to the control lines 
A and R must be operating correctly when 'normal 
operation' is indicated. By using the circuit arrangnents 
of Figure 3 in registers it is ensured that all the 
registers enter NORMAL MODE when required. 

In addition, to the above facility for the test of 
the circuitry connected to the control lines A and B, a 
register comprising the circuit arrangement of Figure 3 
has additional features to the known BILBO register. One 
of these features has been referred to above as the HOLD 
MODE whereby the output data DO does not change state , 
independent of the data input DI or serial input SI. This 
facility may be used as part of the normal function of the 
register by appropriate gating on the PH control input, 
without invalidating the test on the circuitry connected 
to the control lines A and B. 

The circuit arrangement of Figure 3 also features the 
TOGGLE MODE in which the data output DO changes state on 
the arrival of each clock pulse. This is useful if it is 
desired to utilise the HOLD facility of the element as 
part of the NORMAL operation. For example, if both the 
control signals on A and B are high and the control signal 
PH is low, then the circuit is in its SIGNATURE ANALYSIS 
MODE. Whilst in the SIGNATURE ANALYSIS MODE, any 
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preceding circuitry that is connected to the PH control 
input in order to implement a functional hold during 
normal operation, may occasionally raise the PH control 
input high. With the circuit configuration of Figure 3 
5 the effect is to invert the output state during the TOGGLE 
MODE without losing any signature analysis information. 

The circuit arrangement of Figure 3 also features the 
PRESET MODE whereby the output is set true independent of 
the data input DI or serial input SI, The known BILBO 

10 circuit arrangement of Figure 1 only allows 2 N ~* of 

all the possible 2 N test states (N being the number of 
register elements in the register) to be generated, 
usually the all zero state being the omitted state • The 
PRESET MODE allows a number of registers to be started off 

15 in the all zero state and subsequently preset to the all 

ones state from which the registers will cycle through all 
other states if configured into its TEST PATTERN 
GENERATION MODE. A register built from the circuit 
arrangements of Figure 3 can generate therefore the 

20 complete set of 2 N test states. 

In Figure 4b a register in accordance with an 
embodiment of the present invention is illustrated 
comprising a plurality of circuit arrangements of Figure 
4a. The circuit arrangement of Figure 4a is essentially 

25 the same as the circuit arrangement of Figure 3 but is 
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-it- 
shown with its signal paths in a different configuration 
to facilitate understanding of Figure 4b„ The circuit 
arrangement of Figure 4a will hereinafter be referred to 
as a structured test register (STR) and in Figure 4b eight 
STR's are shown as arranged in series to form an eight bit 
register. Control signals A,B and PH are supplied along a 
three line bus 20. A multiplexer MUX and an Exclusive-OR 
gate 10 are required as with the BILBO register of Figure 
2a. 

It will be appreciated that the present invention is 
not restricted to the particular circuit arrangement 
illustrated in Figures 3 and 4a f other circuit 
arrangements having gates of different types being within 
the scope of the present invention. The many forms of 
other embodiments are best described with reference to 
Figure 5 which is a circuit arrangement similar to that 
shown in Figure 4a but differing in that the AND gate 8, 
AND gate 3, Exclusive-OR gate 4 and the OR gate 13 are 
each replaced by a respective first gate 20, second gate 
22, third gate 24 and fourth gate 26. 

Referring to Figure 5 the first gate 20 may take the 
form of an AND gate, a NAND gate, an OR gate or a NOR 
gate; the second gate 22 may likewise take the form of an 
AND gate, a NAND gate, an OR gate or a NOR gate and 
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similarly the fourth gate 26 may take the form of an AND 
gate, a HAND gate, an OR gate or a NOR gate. The third 
gate 24 is either an Exclusive~OR gate or preferably an 
Exclusive-NOR gate. The selections and configurations 
chosen for the gates 20,22,24 and 26 determine the truth 
table of the circuit arrangements and on modifications 
which can be made to the circuit arrangement by the 
inclusion or omission of inverters in the signal paths to 
or from the inputs of the gates 20,22,24 and 26 or the 
flip-flop 2 or the Multiplexer M. As will be appreciated 
there are a number of circuit arrangements that can be 
formed conforming to Figure 5 and by way of example six 
embodiments will now be described with reference to 
Figures 5a, 5b, 5c f 5d, 5e and 5f« 

In Figure 5a the first and second gates 20, 22 are 
NAND gates, the third gate 24 is an Exclusive-OR gate and 
the fourth gate 26 is an OR gate. The employment of two 
NAND gates as the first and second gates 20, 22 is 
preferred as they in general have a speed of response 
advantage over any other pair of gates permissable for use 
as the first and second gates 20, 22* The truth table for 
this circuit arrangement is the same as that illustrated 
in truth table 1. 

In Figure 5b the first gate 20 is an AND gate r the 
second gate 22 is an OR GATE, the third gate 24 is an 
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Exclusive-NOR gate and the fourth gate 26 is a NOR gate. 
The employment of an Excl us ive-NOR gate, as opposed to an 
Exclusive-OR gate, for the third gate 24 is preferred as 
the Exclusive-NOR gate has faster input to output delay 
5 times compared to that of the Exclusive-OR gate. The 

truth table for the circuit arrangement of Figure 5b is 
illustrated in truth table 2. 
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TRUTH TABLE 2 



In Figure 5c an inverter is disposed on the signal 
path between the multiplexer M and an input of the first 
gate 20, the first gate being an AND gate. The second 
gate 22 is an OR gate, the third gate 24 an Exclusive-OR 
gate and the fourth gate 26 an AND gate. A truth table 3 
for this circuit arrangement is:- 
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TRUTH TABLE 3 



In Figure 5d the first and second gates 20, 22 are 
both OR gates, the third gate 24 is an Exclusi ve-NOR gate 
and the fourth gate 26 is an AND gate. A Truth table 4 
for this circuit arrangement is:- 
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TRUTH 


TABLE 


4 



In Figure 5e the first gate 20 is an OR gate, the 
second gate 22 is an AND gate, the third gate 24 is an 
Exclusive-OR gate and the fourth gate 26 is a NAND gate. 
A truth table 5 for this circuit arrangement is:- 
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TRUTH TABLE 5 

10 The preferred structured test register (STR) 

according to the present invention is illustrated in 
Figure 5f. The first, second and fourth gates 20, 22 and 
26 are all NAND gates which in general have fester 
input to output delay tiines compared to the other gates 

15 which may be employed* The third gate 24 is an 

Exclusive-NOR gate which has a faster input to output 
delay time compared to that of an Exclusive-OR gate. An 
inverting multiplexer is also adopted as it can have 
advantages over the non-inverting forms depending upon its 

20 precise implementation. A truth table 6 for the circuit 

arrangement of Figure 5f is:- 
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Referring to the Truth Table 6 the Reset Mode results 
from changing the state of the control input PH when the 
STR of Figure 5f is in its Test Pattern Generator/Scan 
Mode. This facility may be used advantageously when an 
5 Exclusive-NOR gate is provided in the feedback path of the 
register. By way of example, if each of the eight STR in 
the register of Figure 4b take the forn of the STR 
illustrated in Figure 5f then in a preferred embodiment of 
register the Exclusive-OR gate 10 in the feedback path is 
10 replaced by an Exclusive-NOR gate. 

The following sequence may be used to effect a 
completely exhaustive test on a block of combinatorial 
logic. Note that all STRs may have their PH control 
inputs connected together. 

15 (1) Preset the STRs on both the input and the output of 

the combinatorial logic block to be tested 
(A,B = 0,0). 

(2) Configure the STR on the input of the combinatorial 
logic as a test pattern generator (A,B,PH = 0,1,1), 
20 and the STR on the output as a signature analyser 

(A,B,PH = 1,1,1). Clock the circuit to capture the 
response of the combinatorial logic to the all-one 
input pattern which was established in (1) above. 
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(3) Pulse the PH control inputs to logic 0 in order to 
start (or "seed") the test pattern generator by 
resetting it. This will cause the signature analyser 
to toggle, but this is of little consequence as all 
signature information is preserved. 

(4) Continue the test with the PH control inputs at logic 
1 until all input patterns have been generated. 

As will be appreciated there are many other circuit 
arrangements which conform to the circuit arrangement of 
Figure 5 and they are each an embodiment of the present 
invention. There are however only sixteen truth tables 
(six of which have been illustrated above} for the logic 
for all of the circuit arrangements, the reason being that 
separate groups of circuit arrangements behave in a 
logically equivalent manner. As described above the 
different circuit arrangements shown in Figure 3 and 5a 
for example have the same truth table 1 and therefore 
behave in a logically equivalent manner. 

There are two possible inputs 1 and 0 which can be 
applied to each of the control lines A, B and PH resulting 
in eight possible input combinations to the control lines 
A, B and PH. Each of the input combinations determines 
the same respective functional mode of operation for 
logically equivalent circuit arrangements, seven input 



-23- 



01 9049 



combinations each defining a respective functional mode of 
operation and the eighth input combination being also 
associated with either the RESET or PRESET MODE. 
Referring to the truth table 1 for example the RESET MODE 
has two possible input combinations for the control lines 
A,B and PH, namely 000 and 001, whereas referring to the 
truth table 3 for example the PRESET MODE has two possible 
combinations, namely 010 and 011. 

It will also be seen that an inversion in the control 
signal PH for logically equivalent circuits having the 
truth table 1 is sufficient to change the operation of 
those circuits between the SCAN PATH MODE and the PRESET 
MODE, whereas an inversion in the control signal PH for 
logically equivalent circuits having the truth table 3 
changes the operating mode of those circuits between the 
SCAN PATH MODE and the RESET MODE. 

The present invention provides therefore a choice 
between two basic groups of circuit arrangements, in one 
group the inversion of the control signal PH at an 
appropriate time results in a change of operating mode 
from the SCAN PATH MODE to the RESET MODE whilst in the 
second group the inversion of the control signal PH at an 
appropriate time results in a change of operating mode 
from the SCAN PATH MODE to the PRESET MODE. As there are 
eight possible input combinations to the control lines A, 



-24- 



01 90494 



B and PH, each input combination defining a characteristic 
operating mode for logically equivalent circuit 
arrangements within their associated group/ so there are 
sixteen possible truth tables for all the circuit 
arrangements conforming to Figure 5. 

Figures 6a and 6b each illustrate the logically 
adjacent operating modes for the respective basic groups 
of circuit arrangements with arrows interconnecting 
adjacent operating modes. To change the operation of any 
logically equivalent circuit in one of the two basic 
groups between the adjacent operating modes requires an 
inversion in the signal on one of the control lines A,B or 
PH. The appropriate control line A, B or PH is identified 
on each of the arrows interconnecting the pairs of 
adjacent operating modes. 

Figure 6a illustrates logically adjacent operating 
modes applicable to the circuit arrangements shown in 
Figures 3, 5a and 5b, and Figure 6b illustrates logically 
adjacent operating modes applicable to the circuit 
arrangements shown in Figures 5c , 5d, 5e and 5f. 

Circuit arrangements in accordance with embodiments 
of the present invention are coupled together in series to 
define a register. The registers are advantageously 
employed in the design of integrated circuits or parts 
thereof having a self test design, particularly very large 



01 904 



-25- 

integrated circuits designed by partitioning into 
combinatorial logic blocks and register blocks. Such 
methods of testing and circuitry design are described in 
our co-pending U.K. Patent Application No. 8432533. 



01 90494 

CLAIMS:- 

1* A circuit arrangement for use in an integrated 
circuit having a built-in self test design, the circuit 
arrangement comprising first and second gates (8, 3) 
coupled to a flip-flop (2) via a third gate (4) wherein 
the improvement lies in the provision of data selector 
means (M) coupled to one input of the first gate (8), the 
data selector means (M) being controllable by a control 
signal to feed either input data or output data of the 
circuit arrangement to said one input of the first gate 
(8) and a fourth gate (13) coupled to an input of the 
second gate (3), the fourth gate (13) having an input 
connected to receive a signal dependent on the control 
signal to the data selector means (M). 

2. A circuit arrangement as claimed in claim 1 wherein 
the first, second and fourth gates {8, 3, 13) are each 
selected from a respective group comprising an AND gate, a 
NAND gate, an OR gate and a NOR gate, the third gate (4) 
being selected from a group comprising an Exclusive-OR 
gate and an Exclusive-NOR gate. 

3, A circuit arrangement as claimed in claim 2 wherein 
the first, second and fourth gates (8, 3, 13) are NAND 
gates and the third gate (4) is an Exclusive-NOR gate. 
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4. A circuit arrangement as claimed in claim 2 wherein 
the first and second gates (8, 3) are AND gates, the third 
gate {4) is an Exclusive-OR gate and the fourth gate 113) 
is an OR gate. 

5* A register element comprising a plurality of circuit 
arrangements as claimed in any one of claims 1 to 4, the 
circuit arrangements being coupled together in series. 

6. A register element as claimed in claim 5 wherein the 
outputs of two or more of the flip-flops in the series are 
coupled to the inputs of an Exclusive-NOR gate the output 
of which is coupled to the input of one or more of the 
flip-flops in the series. 

7. A register element comprising a plurality of circuit 
arrangements as claimed in claim 1 or 2, the circuit 
arrangements being coupled together in series wherein the 
third gate (4) in at least one of the circuit arrangements 
is an Exclusive-NOR gate and the outputs of two or more of 
the flip-flops in the series are coupled to the inputs of 
another Exclusive-HOR gate the output of which is coupled 
to the input of the one or more of the flip-flops in the 
series . 
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8. A register element as claimed in claim 7 wherein the 
output of said another Exclus ive-NOR gate is coupled to 
the input of the first flip-flop via a multiplexer, an AND 
gate and an Exclusive NOR gate, 

9. An integrated circuit having a built-in self test 
design, the integrated circuit including a plurality of 
the register elements as claimed in any one of claims 5 to 
8, the register elements being coupled to combinatorial 
logic circuits, control means being provided for 
selectively controlling the functional modes of each 
register element and for selectively controlling 
predefined groups of register elements to operate in 
different functional modes to effect test operations to 
the combinatorial logic circuits. 

10. An integrated circuit as claimed in claim 9 wherein 
each of the register elements is adapted to operate 
selectively in different functional modes in response to 
control signals from the control means, the functional 
modes including a PATTERN GENERATION/SCAN MODE, a 
SIGNATURE ANALYSIS MODE, a NORMAL REGISTER MODE, a HOLD 
MODE, a PRESET MODE, a RESET MODE and a TOGGLE MODE as 
hereinbefore defined. 
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